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Alteration of Left Ventricular Function with Dobutamine 
Challenge in Patients with Myocardial Bridge
Joon-Hyung Jhi, Kyoung-Im Cho, Jong-Kun Ha, Chan-Woo Jung, Bong-Jae Kim, Seong-Oh Park, A-Ra Jo,  
Seong-Man Kim, Hyeon-Gook Lee, and Tae-Ik Kim
Division of Cardiology, Department of Internal Medicine, Maryknoll Medical Center, Busan, Korea
Background/Aims: The aim of this study was to identify changes in left ventricular (LV) performance in patients with a 
myocardial bridge (MB) in the left anterior descending coronary artery during resting and in an inotropic state.
Methods: Myocardial strain measurement by speckle-tracking echocardiography and conventional LV wall-motion scoring 
was performed in 18 patients with MB (mean age, 48.1 ± 1.7 years, eight female) during resting and intravenous dobuta-
mine challenge (10 and 20 μg/kg/min). 
Results: Conventional LV wall-motion scoring was normal in all patients during resting and in an inotropic state. Peak re-
gional circumferential strain increased dose dependently upon dobutamine challenge. Longitudinal strains of the anterior 
and anteroseptal segments were, however, reduced at 20 μg/kg/min and showed a dyssynchronous pattern at 20 μg/kg/
min. Although there were no significant differences in radial strain and displacement of all segments at rest compared with 
under 10 μg/kg/min challenge, radial strain and displacement of anterior segments at 20 μg/kg/min were significantly re-
duced compared with posterior segments at the papillary muscle level (44.8 ± 14.9% vs. 78.4 ± 20.1% and 5.3 ± 2.3 mm 
vs. 8.5 ± 1.8 mm, respectively; all p < 0.001), and showed plateau (40%) or biphasic (62%) patterns. 
Conclusions: Reduced LV strain of patients with MB after inotropic stimulation was identified. Speckle-tracking strain 
echocardiography identified a LV myocardial dyssynchrony that was not demonstrated by conventional echocardiography 
in patients with MB.
Keywords: Myocardial bridging; Echocardiography, stress
INTRODUCTION
Myocardial bridge (MB), a congenital coronary anomaly 
[1,2], is a clinical condition with several clinical manifesta-
tions such as stable or variant angina, myocardial infarc-
tion, and sudden death [1-7]. The association of MB with 
anginal chest pain or abnormal results of noninvasive tests 
often constitutes an important clinical issue. Although 
phasic external vessel compression due to MB may induce 
significant reductions in diastolic coronary diameter [8] 
and endothelial dysfunction [9], controversy exists con-
cerning the clinical and prognostic relevance of MB and 
the optimum therapy for symptomatic patients with this 
anomaly. 
If noninvasive investigational tools could help clarify 
signs of ischemia in patients with MB, especially when the 
patient had angiographic findings of systolic compression 
of a coronary vessel only, adequate therapy might be possi-
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ble. Standard stress echocardiography using visual assess-
ment of wall motion to detect abnormalities is qualitative 
and subjective, and variability exists among observers and 
among institutions. Advanced echocardiographic tech-
niques such as strain imaging, which is now widely used 
in resting echocardiograms, may also be applied to stress 
studies. This technique may provide a more quantitative 
and sensitive assessment of abnormalities in myocardial 
function and therefore reduce the difficulties inherent in 
stress echo interpretation.
We previously reported a quantitative assessment of 
myocardial function of symptomatic patients with MB us-
ing two-dimensional strain-based on speckle tracking [10]. 
In this study, we sought to investigate the effects of altera-
tions in the inotropic stimulation induced by dobutamine 
challenge on myocardial function in patients with MB 
with speckle-tracking echocardiography strain-derived 
variables.
METHODS
Study population
Low-dose dobutamine stress echocardiography (DSE) 
was performed in 18 patients (mean age, 48.1 ± 11.7 years; 
eight female) with exertional chest pain. Coronary angi-
ography showed only MB of the mid segment of the left 
anterior coronary artery (LAD) without any significant 
atherosclerosis in either coronary artery. Quantitative 
coronary analysis software (Philips Medical System, 
Veenpluis, Netherlands) showed a more than 50% narrow-
ing of the mid LAD by MB. Patients with hemodynamic 
and electrical instability and structural heart disease 
were excluded. None of the patients presented concomi-
tant coronary stenosis or any present or previous cardiac 
events. All patients had normal conventional wall-motion 
scoring based on the standards of the American Society 
of Echocardiography, and echocardiography ruled out 
concomitant hypertrophic cardiomyopathy in all patients. 
Demographic data, including age, gender, and cardiovas-
cular risk factors were recorded. The institutional review 
board of the Maryknoll Medical Center approved the study 
protocol. All study subjects gave informed consent before 
enrollment.
Coronary angiogram 
A biplane cardio-vascular system with charge-coupled 
device digital imaging for intervention and diagnosis (IN-
TEGRIS BV 5000, Philips Medical System) was used to 
visualize the coronary artery. Quantitative measurements 
were analyzed by a workstation with dedicated software 
(WIN 32 ver. 3.3). For this purpose, the coronary segment 
of interest, including the total length of the myocardial 
bridge with the adjacent non-obstructed proximal and dis-
tal segments, was identified. Boundaries of this segment 
were then detected automatically and corrected manually 
if necessary. Absolute vessel diameters were determined 
using the guiding catheter as a reference. The percent di-
ameter stenosis at the most severe site was automatically 
calculated from the computer estimation of the original 
dimension of the artery along the MB, defined as an inter-
polation between proximal and distal reference diameters. 
Angiographic lumen diameter evaluation was performed 
at end systole, when the diameter of the vessel was small-
est, and during mid-diastolic frames. To determine 
interobserver variability for quantitative angiographic 
measurements of systolic and diastolic lumen diameter re-
ductions, images from a random subset of 18 patients were 
analyzed by two independent observers (SMK and HGL)
blinded to each other’s results.
Echocardiographic evaluation
Conventional and strain echocardiographic examina-
tion were performed on all subjects lying in the left lateral 
supine position using the 2.5-MHz transducer on the Vivid 
7 Dimension ultrasound equipment (General Electric, 
Horten, Norway). Images from parasternal short-axis 
views at three levels (mitral valve, papillary muscle, apex), 
and apical four-chamber, three-chamber (apical long axis), 
and two-chamber views of the left ventricle (LV) were ob-
tained at end-expiratory apnea and were stored in cineloop 
format for subsequent offline analysis. Three heartbeats 
were collected from each view and analyzed off-line with 
an EchoPAC dimension system (General Electric). The LV 
was divided into six segments (anterior, inferior, lateral, 
posterior, septal, anteroseptal), each of which was then 
subdivided into three segments (basal, medial, apical). 
Speckle-tracking echocardiography
LV images sampled at appropriate frame rates (60/sec) 
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ing echocardiography software (Echopac 6.0.0, General 
Electric). Briefly, the displacement of speckles of LV myo-
cardium (the acoustic markers) in each spot was tracked 
from frame to frame in each of the apical and short-axis 
views. The software package then automatically tracked 
the motion through the rest of the cardiac cycle, provid-
ing the LV strain (%) profile by default. Radial strain and 
displacement values were performed step by step by high-
lighting the key to the respective parameters built into the 
software. The same procedure was applied at rest, during 
DSE at 10 mg/kg/min and 20 mg/kg/min, and during the 
recovery stage. Left ventricular longitudinal data were 
collected from the bases of the septum, lateral, inferior, 
and anterior walls. Peak radial strains were obtained by 
tracking the parasternal short-axis images at the papillary 
muscle level during the above-mentioned three phases of 
DSE. The septal-to-posterior delay was measured as the 
time difference from the onset of the QRS complex and 
peak systolic radial strain wave between the mid-septal 
and posterior walls at the parasternal short-axis view by 
speckle-tracking strain imaging [11].
 
Dobutamine stress echocardiography
After conventional transthoracic echocardiography, 
patients received incremental doses of dobutamine (0, 10, 
20 mg/kg/min), and speckle tracking echocardiography 
(STE)-enhanced DSE was performed. Each stage lasted 5 
minutes, with acquisition of echo images during the last 
1–2 minutes of each stage. Both systolic and diastolic in-
dices were assessed during each dobutamine stage. All ac-
quired LV images were digitally stored and post-processed 
on an Echopac BT 6.0.0 work station (General Electric). 
Frame rates were manually adjusted according to the 
heart rates during different stages of DSE.
Statistical analysis
All data are expressed as mean ± SD. Data were ana-
lyzed using SPSS version 11.0 (SPSS Inc., Chicago, IL, 
USA), and comparisons of all measurements were made 
using a paired Student’s t test for continuous variables and 
chi-square test for categorical variables. A p value < 0.05 
was considered to indicate statistical significance.
RESULTS
Baseline characteristics of patients
The mean age was 48.1 ± 11.7 years (range, 26 to 65). All 
patients reported a history of chest pain strongly sugges-
tive of angina pectoris. The mean time interval between 
first symptoms and angiographic diagnosis of MB was 5.9 
± 6.7 months. Three patients had a history of mild hyper-
tension without echocardiographic evidence of LV hyper-
trophy. Global LV function was normal in all patients with 
Table 1. Clinical characteristics of the subjects
Characteristics
Myocardial bridge 
(n = 18)
age, yr 48.1 ± 11.7
Sex (male/female) 6/9
hypertension, n  3
Body mass index, kg/m
2 23.8 ± 3.5
Systolic blood pressure, mmHg 119.2 ± 5.7
Diastolic blood pressure, mmhg  78.1 ± 7.7
Heart rate, beat/min  69.2 ± 8.7
Hemoglobin, g/dL   12.3 ± 1.4
Left ventricular mass index, g/m
2   94.8 ± 18.06
Relative wall thickness   0.41 ± 0.03
Values are presented as mean ± SD.
Table 2. Coronary angiographic characteristics of the 
subjects
Myocardial bridge 
(n = 18)
Length of myocardial bridge, mm
Systolic coronary diameter 26 ± 7
Diastolic coronary diameter 24 ± 6
Proximal to myocardial bridge, mm
Systolic coronary diameter   2.95 ± 0.87
Diastolic coronary diameter   3.19 ± 0.53
Distal to myocardial bridge, mm
Systolic coronary diameter   2.51 ± 0.42
Diastolic coronary diameter   2.62 ± 0.41
Within myocardial bridge, mm
Systolic coronary diameter   0.93 ± 0.47
Diastolic coronary diameter   2.18 ± 0.40
Diameter narrowing, %
Systolic coronary diameter  72.3 ± 11.9
Diastolic coronary diameter  31.5 ± 11.8
Values are presented as mean ± SD. jhi jh, et al. Ventricular function in myocardial bridge     413
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MB, and there were no signs of LV hypertrophy or hyper-
trophic cardiomyopathy. Patients’ major demographic and 
clinical characteristics are shown in Table 1.
Coronary angiographic finding 
The complete coronary angiographic data are presented 
in Table 2. The mean percent diameter reduction at the 
most severe site of the MB during systole was 72.3 ± 11.9%, 
ranging from 54 to 95%. There was a persistent diastolic 
lumen diameter reduction of 31.5 ± 11.8%, with a mini-
mum of 20% and a maximum of 57%. The mean absolute 
systolic diameter within the MB was 0.93 ± 0.47; three 
patients had a minimal diameter < 0.5 mm. The length of 
the MB during systole ranged from 19 to 44 mm (mean, 26 
± 7) and was not different from the diastolic values of 24 ± 
6 mm (range, 21 to 42; p = not significant).
Table 3. Clinical and conventional echocardiographic parameters during dobutamine challenge and recovery state
Rest 10 μg/kg/min 20 μg/kg/min Recovery
Heart rate, beat/min  69.2 ± 8.70 78.5 ± 3.6  102.4 ± 5.7 70.2 ± 6.8
Systolic blood pressure, mmHg 119.2 ± 5.7 124.3 ± 6.1  135.7 ± 5.8 121.1 ± 3.9
End diastolic volume, mL 108.7 ± 5.2 115.3 ± 8.9  111.2 ± 7.4  109.5 ± 4.3
End systolic volume, mL   45.9 ± 3.7 39.1 ± 6.2 36.8 ± 5.4  42.1 ± 5.2
Ejection fraction, %   62.7 ± 3.9 68.7 ± 4.3 72.3 ± 4.8 65.3 ± 4.7
Fractional shortening, %   35.5 ± 2.7 36.8 ± 3.2 39.8 ± 2.8 36.2 ± 3.5
E/A  1.28 ± 0.13   1.39 ± 0.15   1.17 ± 0.12   1.24 ± 0.14
Values are presented as mean ± SD. E/A, ratio of peak early diastolic mitral velocity to peak late diastolic mitral velocity.
Figure 1. Radial strain during dobutamine stress echocardiography at parasternal short-axis view showing a dyssynchronous strain 
pattern at 10 μg/kg/min.
Baseline
20 μg/kg/min
10 μg/kg/min
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Echocardiographic findings
At rest, the heart rate (bpm) was 69.2 ± 8.7; this in-
creased to 102.4 ± 5.7 after 20 mg dobutamine challenge. 
Conventional parameters of LV systolic function in all 
patients were normal at rest and during DSE (Table 3). 
Of the 18 patients, three had abnormal strain findings 
at rest, four at 10 mg/kg/min (Fig. 1), and nine at 20 mg/
kg/min (Fig. 2). The other two showed a normal strain 
pattern during DSE (Fig. 3). Abnormal strain findings at 
rest or with 10 mg/kg/min either remained steady (2/7) or 
worsened (5/7) with increasing dobutamine dose, and all 
abnormal strain findings improved during recovery.
Speckle quantification of apical chamber views: 
longitudinal strain analysis
The mean comparative data in 18 patients with MB are 
presented in Table 4. Using the current software, peak sys-
tolic longitudinal strain values at rest were relatively uni-
form throughout the LV, highest in the inferior segments, 
and lowest in the anteroseptal segments, but the difference 
in the strain values between segments was not statistically 
significant. Peak regional longitudinal strain increased 
dose dependently on dobutamine challenge. However, that 
of the anterior and anteroseptal segments was reduced 
and showed a non-uniform pattern at 20 mg/kg/min. Dur-
ing the recovery period, there was no significant difference 
among the inter-segmental strain variables.
Speckle quantification of parasternal short-axis 
images: circumferential and radial strain analysis
At rest, there were no significant differences in the 
peak regional circumferential strain (%); these increased 
dose dependently upon dobutamine challenge (Table 5). 
Although there were no significant differences in radial 
strain and displacement of all segments at rest, radial 
strain and displacement of anterior segments at 20 mg/
Figure 2. Radial strain during dobutamine stress echocardiography at parasternal short-axis view showing a dyssynchronous strain 
pattern at 20 μg/kg/min.
Baseline
20 μg/kg/min
10 μg/kg/min
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kg/min were significantly reduced and significantly lower 
than posterior segments (43.6 ± 19.1% vs. 77.6 ± 17.5% 
and 5.3 ± 2.3 vs. 8.5 ± 1.8, respectively; all p < 0.001) (Fig. 
4) and showed plateau (40%) or biphasic (62%) patterns. 
During the recovery period, there was no significant dif-
ference between the variables. Septal-to-posterior delay, a 
measurement of systolic dyssynchrony, was noticed simul-
taneously with abnormal strain pattern (45.6 ± 33.4 ms at 
20 mg  vs. 11.7 ± 20.3 ms at rest; p < 0.05), which increased 
with increasing dobutamine dose without remarkable 
QRS change on electrocardiography. Time from R wave on 
electrocardiography to transition from regional systole to 
early diastolic lengthening (Tr) was significantly delayed at 
20 mg compared with at rest (446 ± 22.7 ms vs. 345 ± 25.9 
ms; p < 0.05) (Fig. 5). 
Inter- and intra-observer variability was analyzed by 
two independent observers (KIC and SMK) and by repeat-
ed measurement of these segments on another occasion 
by the same observer (KIC). Inter-observer variability was 
less than 20%, and intra-observer variability was 12%. The 
main reason for interobserver variability was a different 
location of the sample volume. Once sample volume was 
placed on a mutually agreed location within the myocar-
dium, measurements became virtually identical. 
DISCUSSION
MB occurs when a band of cardiac muscle overlies an 
intramural segment of a coronary artery, the intramural 
segment being referred to as a “tunneled” artery [1,2]. Un-
til recently, visual interpretation of coronary angiograms 
revealed only the milking effect or systolic narrowing in-
duced by significant MB. Normally, only 15% of coronary 
blood flow occurs during systole, and because MB is a 
systolic event on angiography, its clinical significance and 
relevance have been questioned. Quantitative coronary 
angiography and intravascular ultrasound (IVUS) clearly 
demonstrate that the phasic systolic vessel compression 
visualized on angiograms is coupled with a persistent dia-
Figure 3. Radial strain during dobutamine stress echocardiography at parasternal short-axis view showing a normal strain pattern 
during dobutamine stress echocardiography.
Baseline
20 μg/kg/min
10 μg/kg/min
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stolic diameter reduction. Intracoronary Doppler reveals 
increased flow velocities, retrograde systolic flow, and re-
duced coronary flow reserve [12,13]. The presence of tachy-
cardia may unmask the ischemic effect of an MB by short-
ening the diastolic period and increasing the importance 
of systolic blood flow [14]. Also, tachycardia may worsen 
ischemia due to decreased diastolic filling time [6,15,16] 
and coronary fractional flow reserve (FFR), a measure of 
the ability to augment coronary blood flow under stress) 
[8,17-19]. So, symptomatic provocation of MB is induced 
by tachycardia without apparent wall-motion abnormality, 
which may differ from fixed LAD stenosis.
Assessing the functional significance of moderate coro-
nary disease causes particular difficulties in day-to-day 
practice. Stress echocardiography is the cornerstone of 
diagnosis of coronary artery disease (CAD) by revealing 
the supply–demand mismatch of the LV during stress, 
classically at peak stress except in cases of viability as-
sessment. Advanced echocardiographic techniques such 
as strain imaging, which is now widely used for evaluation 
of subclinical LV dysfunction [20-23], may also be applied 
to stress studies. Strain parameters have been correlated 
with FFR within the left coronary system [24], and in isch-
emic myocardium, strain decreases with stress [25]. Our 
data, collected using STE with dobutamine stress, suggest 
that patients with MB with ischemic insult have decreased 
regional longitudinal and radial strain (%) during low-
dose DSE. Eighty-nine percent (16/18) of patients with MB 
Table 4. Quantification of longitudinal strain values of speckle-tracking echocardiography during dobutamine chal-
lenge and recovery state at long-axis view
Four-chamber view Rest 10 μg/kg/min 20 μg/kg/min Recovery
Septum
Basal -17.5 ± 2.6 -18.8 ± 2.3   -20.1 ± 1.8 -17.8 ± 3.2
Mid -21.6 ± 1.2 -22.1 ± 1.9 -20.9 ± 3.9 -21.3 ± 2.7
apical -23.3 ± 3.8 -25.5 ± 3.3  -22.2 ± 7.1 -23.8 ± 5.9
Lateral 
Basal -17.4 ± 3.7 -19.9 ± 3.7 -22.7 ± 5.1
a -18.2 ± 3.7
Mid -18.5 ± 2.2 -21.3 ± 2.4 -23.6 ± 5.9
a -19.3 ± 4.8
apical -19.5 ± 2.9 -22.6 ± 2.9 -26.5 ± 7.5
a -20.6 ± 5.7
Inferior
Basal -18.5 ± 2.6 -20.7 ± 1.6 -23.3 ± 1.2
a -19.7 ± 2.6
Mid -21.3 ± 4.7 -22.8 ± 2.3 -24.4 ± 7.5
a -22.7 ± 5.2
apical -22.3 ± 3.8 -24.3 ± 3.5 -25.2 ± 5.1
a -23.5 ± 4.8
anterior
Basal -16.3 ± 2.1 -17.5 ± 1.9 -17.6 ± 6.2 -15.4 ± 4.9
Mid -20.5 ± 3.8 -21.7 ± 2.7 -16.6 ± 3.5
a -19.7 ± 6.2
apical -19.5 ± 2.7 -20.3 ± 2.9 -15.4 ± 5.3
a -18.3 ± 4.5
Posterior
Basal -17.3 ± 3.6 -19.7 ± 2.9 -21.8 ± 2.3
a -18.3 ± 2.9
Mid -18.6 ± 2.8 -20.8 ± 1.3 -22.2 ± 4.9
a -19.8 ± 5.3
apical -20.3 ± 3.2 -21.7 ± 3.6   -23.9 ± 5.7
a -21.9 ± 5.3
anterior septum
Basal  -17.7 ± 3.5 -18.5 ± 2.7 -15.4 ± 6.1 -17.9 ± 4.8
Mid -23.5 ± 4.2 -24.5 ± 3.9  -17.6 ± 5.9
a -20.3 ± 3.9
apical -18.5 ± 2.8 -20.9 ± 2.8 -17.4 ± 6.5 -18.9 ± 4.8
Global left ventricle strain -20.1 ± 2.8  -23.7 ± 4.9
a -23.5 ± 6.2
a -21.0 ± 5.7
Values are presented as mean ± SD.
ap < 0.05 vs. rest.jhi jh, et al. Ventricular function in myocardial bridge     417
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in our study had symptoms compatible with ischemia dur-
ing low-dose DSE. All patients had no chest pain at rest, 
which was different from our previous study, which inves-
tigated symptomatic MB patients with parameters of myo-
cardial deformation at rest [10]. According to that study, 
radial strain and displacement by STE in LAD territories 
were reduced in symptomatic patients with MB. Myocar-
dial strain is relatively independent of translational mo-
tion and other through-plane motion effects and should be 
relatively uniform throughout the normal LV myocardium. 
In contrast to normal hearts, the LV of MB was character-
ized by a marked non-uniformity of myocardial systolic 
strain. Reduced peak systolic longitudinal strain in LAD 
territories means reduced shortening or stretching. This 
was in contrast to the non-ischemic region, where near-
normal shortening was observed. Global LV longitudinal 
strain showed the best correlation with conventional wall-
motion analysis [26], although the overall correlation was 
rather modest. In the present study, our patients showed 
preserved and slightly increased circumferential strain 
Table 5. Quantification of the radial and circumferential strain values of speckle-tracking echocardiography during 
dobutamine challenge and recovery state at short-axis view
Variables  Rest 10 μg/kg/min 20 μg/kg/min Recovery
Septal segment, % RS  48.3 ± 9.7 68.3 ± 12.8 42.1 ± 17.8 47.4 ± 17.3
CS  -18.9 ± 4.3 -20.8 ± 9.6 -25.7 ± 4.3 -26.8 ± 3.2
anterior segment, % RS    47.9 ± 12.3 54.3 ± 25.1 40.8 ± 14.9 53.1 ± 18.9
CS  -21.9 ± 2.4 -23.2 ± 4.8 -26.2 ± 6.4 -22.6 ± 4.1
Lateral segment, % RS  56.9 ± 5.3   75.1 ± 16.2 78.5 ± 15.9
a 60.2 ± 21.8
CS  -17.4 ± 4.7 -21.4 ± 3.5 -23.2 ± 4.8 -18.5 ± 4.5
Posterior segment, % RS    55.1 ± 14.5 58.0 ± 22.4  78.4 ± 20.1
a 59.3 ± 20.1
CS  -18.0 ± 5.4 -20.3 ± 6.4 -20.6 ± 4.2 -19.8 ± 6.0
Inferior segment, % RS    49.6 ± 15.8 67.3 ± 6.8  72.8 ± 16.2
a 53.6 ± 17.4
CS  -22.8 ± 9.6 -23.4 ± 4.1 -25.2 ± 7.3 -20.0 ± 5.4
Values are presented as mean ± SD.
RS, radial strain; CS, circumferential strain.
ap < 0.05 vs. rest.
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Figure 4. Comparison of radial strain and displacement during dobutamine stress echocardiography. Radial strain and displacement 
of anterior segments at 20 μg/kg/min were significantly reduced and significantly lower than those of posterior segments. LV, left ven-
tricle. 
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(%) during low dose DSE, probably as a compensatory 
response. Due to the difficulty of speckle tracking at in-
creasing heart rate, we focused on this important aspect 
and investigated LV motion at the moderately higher heart 
rates obtained with low-dose DSE to maintain the supe-
rior signal-to-noise ratio at frame rates appropriate for the 
currently available Echopac software. The importance of 
analyzing the intermediate stages of stress data, however, 
has not been substantiated. Recent data have shown that 
the acquisition and interpretation of intermediate stages 
of exercise in addition to peak exercise improves the de-
tection of CAD and allows a better physiologic evaluation 
of the severity of coronary stenosis [27]. Our data on low-
dose DSE support this concept.
Time to onset of regional relaxation has been proposed 
as a parameter of regional myocardial function and is 
defined as the time from the R wave of the electrocardio-
graphic trace to the transition point from contraction to 
relaxation [28]. In healthy volunteers, it is shorter in the 
mid segments compared with apical segments (344 vs. 
360 msec; p < 0.001). In this study, prolongation of time 
to onset of regional relaxation in patients with MB during 
DSE suggests MB-induced ischemia. Systolic dyssynchro-
ny measured by septal-to-posterior delay was noticed si-
multaneously with abnormal strain pattern and increased 
with increasing dobutamine dose. Post-systolic compres-
sion, defined as myocardial compression occurring after 
the end of the LV ejection period, was suggested as an 
indicator of ischemia and also a marker for recovery of 
function after reperfusion. In this study, patients with MB 
during low-dose DSE showed sustained myocardial com-
pression in LAD territories after the end of the LV ejection 
period; this was a plateau or biphasic phenomenon. We 
also have found a specific sign of peak strain (biphasic or 
plateau phenomenon), as described previously. Moreover, 
presence of the biphasic or plateau phenomenon was found 
at rest in 17% (3/18) of the patients. This may be because 
compression of the bridging segment was severe enough to 
induce the hemodynamic disorder that leads to formation 
of the biphasic phenomenon at rest. However, the presence 
of the echocardiographic biphasic or plateau phenomenon 
seemed not to be highly specific for the existence of MB, as 
it was also found in normal patients. 
This study has some limitations. First, tracking of the 
region of interest is still suboptimal in some patients with 
hyperdynamic LV function and a poor echocardiographic 
image. It still takes from 5 to 10 minutes to achieve sat-
isfactory tracking, and analysis is not performed in real-
Figure 5. Comparison of time from R wave on electrocardiography to transition from regional systole to early diastolic lengthening (Tr). 
(A) Tr in controls, which was constant throughout the myocardium. (B) Tr of inferior segments of myocardial bridge (MB) (patients with 
MB). (C) Tr of anterior segments of MB, which was significantly delayed in comparison with A and B.jhi jh, et al. Ventricular function in myocardial bridge     419
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time. Patient selection was confined to those undergoing 
coronary angiography; thus the inferences from this study 
are limited to these patients. Finally, the lack of controls 
precludes provision of normal strain imaging data during 
STE-DSE.
In conclusion, low-dose dobutamine infusion provoked 
subtle changes in systolic and diastolic segmental function 
in patients with MB without notable LV functional impair-
ment on conventional echocardiography. These changes 
were able to be detected by speckle-tracking techniques.
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